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(57) ABSTRACT
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transistor including one of a source and drain connected to
a power source line; a capacitive element including a first
terminal connected to a gate of the drive transistor; a
switching element which switches conduction/non-conduc-
tion between a second terminal of the capacitive element and
a data line; a switching element which switches conduction/
non-conduction between the second terminal of the capaci-
tive element and the source of the drive transistor; a switch-
ing element which switches conduction/non-conduction
between the first terminal of the capacitive element and a
reference voltage line; a light-emitting element including a
first terminal connected to the other of the source and drain
of the drive transistor and a second terminal connected to
another power source line. The reference voltage line pro-
vides a forward bias voltage larger than a threshold voltage
across the gate and source of the drive transistor.
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FIG. 12

Light emission Resetting Data writing Light emission

N R

__h-_'_“

i

]
-

i

)

i

)

.

I
J
lq:
I
'
}
i
!
|
|
]
I
|
|
1
i
1
I
I
¥
3
L
i
1

RESET _[ o ]
SCAN 5 J | 5
ENAB | 1 B
DATA | X = i ?
B S RN >
t1 t2 t3 t4 t5 t6 Time
FIG. 13
1a
/
Display device
3
r
—
>
I Control
Ccircuit
5
Y -~

Signal line drive circuit} 7

g Scanning = “.====Illl _{Power

50

—
| | — source
6 ine [ T| Display 1 Fvoltage
/ drive | unit n COﬂtI"O|
rive N
Sower aredit T Heircuit
T

source
circuit

23




US 9,454,932 B2

Sheet 10 of 13

Sep. 27, 2016

U.S. Patent

1N2J1D
]013U0D
obe]|0A
92.1N0S
19 MOd

1UND4ID
[9XId

324N
qnso

| zl —
;
0
ar | _|||||.
B
cl

om\\

1INJUID SALIP BuUl| |eubig

P1 "DId

vV.ivd

NVOS

39ddIN

14534

1NJ4ID

SALID 3Uli

buluued s




US 9,454,932 B2

Sheet 11 of 13

Sep. 27, 2016

U.S. Patent

FIG. 15

/

- O w L - W =

s e Oy B e il S EE S O W R Al

Data writing Light emission

ey bk ey ma o we el - e ww vk e . am e

|

Resetting

k
!
!
1
|
i~
i
|
i
|
i
i

ik R Oy e e b R e -y Em o Gk e T e gl ek WA EEE AR Wy mmis Wk MR O e - deml A - A S ey

Hay e puip b sl -y =k . - - - ey s ks AN

\ |
|
.
'

'

i

|

;

'

!

i

!

}

'

|

{

i

'

'

'

'

i

t

;

i

)

i

Light emission
RESET
SCAN

MERGE
DATA

Time

t3 t4 t5 t6

FIG. 16

S
0
O
>
N~

/,/60

DATA Vref

SCAN )
MERGE )

TD

RESET)

T3

Y—
Q
—

-

VS5



U.S. Patent Sep. 27, 2016 Sheet 12 of 13 US 9,454,932 B2

FIG. 17
51
DATA T
V Vref
SCAN> -- <VDD (k)
T1 Csub

T3 =L
RESET )
VSS
Vref
FIG. 18
61
DATA  Vref o
¥/ Csub
SCAN >
“ )
()
T1 L TP
T3 |
RESET ) C

1 VSS
Vref



U.S. Patent

Sep. 27, 2016 Sheet 13 of 13

Scanning
line

drive
circuit

SCAN

FIG. 20
Prior art

US 9,454,932 B2

5
Signal line drive circuit

DATA

Pixel circuit

90




US 9,454,932 B2

1

DISPLAY DEVICE AND METHOD OF
CONTROLLING THE SAME

TECHNICAL FIELD

The present invention relates to display devices and
methods of controlling the same, and particularly to a
display device that uses organic electroluminescence (EL)
clements and to a method of controlling the same.

BACKGROUND ART

Recent years have seen progress in the development and
practical 1mplementation of display devices (hereafter
referred to as organic EL display devices) using organic EL
clements. Generally, an organic EL display device includes
(1) a display unit having, arranged 1n a matrix, pixel circuits
cach having an organic EL element, and (11) a drive circuit
for driving the display unit.

A Tundamental pixel circuit used 1n an active-matrix
organic EL display device 1s configured to include an
organic EL element, a selection switching transistor, a
capacitor, and a drive transistor. In such a pixel circuit, data
voltage 1s held 1n the capacitor by, first, placing the selection
switching transistor connected to the signal line in a con-
ducting state, storing the data voltage corresponding to the
luminance of the pixel into the capacitor from the signal line,
and subsequently placing the selection switching transistor
in a non-conducting state. Next, a current commensurate 1n
s1ze to the voltage held 1n the capacitor 1s supplied from the
drive transistor to the organic EL element, and the organic
EL element emits light at a luminance corresponding to the
data voltage, according to the current supplied from the
drive transistor.

With respect to such fundamental pixel circuits, there
have been various proposals for pixel circuits provided with
a configuration for causing an organic EL element to emuit
light at a luminance that more precisely corresponds to the
data voltage, and for methods of controlling the same (for
example, Patent Literature (PTL) 1).

FIG. 20 1s a circuit diagram 1llustrating a conventional
pixel circuit 90 disclosed 1n PTL 1.

The pixel circuit 90 includes a drive transistor TD,
switching transistors 11 to T3, a capacitor Cs, and an organic
EL element EL.

The pixel circuit 90 1s supplied with control signals from
the scanming line drive circuit 4 via signal lines SCAN and
MERGE, and 1s supplied a with data voltage corresponding
to luminance, from the signal line drive circuit 5 via a data
line DATA. Furthermore, the pixel circuit 90 1s supplied with
positive and negative power source voltage used in the
light-emission of the organic EL element EL, from a power
source circuit not shown 1n the figure via power source lines
VDD and VSS, and supplied with a reference voltage via a
reference voltage line Vrel.

Although complex voltage change caused by voltage
drops occur at the points where the power source lines VDD
and VSS, which supply current to the organic EL element
EL, are connected to the pixel circuit 90, a steady voltage
drop rarely occurs at the reference voltage line Vrel which
does not supply direct current.

The pixel circuit 90 having the above configuration oper-
ates 1n the subsequent manner according to the control signal
supplied. It should be noted that, in the subsequent descrip-
tion, the operation of applying a voltage A to one end of the
capacitor and a voltage B to the other end of the capacitor,
and holding 1n the capacitor a voltage (A-B) which 1s the
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2

difference between voltage A and voltage B 1s expressed as
holding voltage A 1n the capacitor with reference to voltage
B. This expression shall be used throughout the Specifica-
tion.

First, the switching transistor T2 1s placed in the non-
conducting state, and, with the capacitor Cs being electri-
cally separated from the current path within the pixel, the
switching transistors T1 and 13 are placed 1n the conducting
state. The capacitor Cs holds the data voltage with reference
to the reference voltage.

At this time, the voltage held in the capacitor Cs 1s
completely unaflected by the change 1n power source volt-
age. Next, the switching transistors T1 and T3 are placed 1n
the non-conducting state, the switching transistors 12 1s
placed 1n the conducting state, and the voltage held 1n the
capacitor Cs 1s applied across the gate terminal and the
source terminal of the drive transistor TD.

As a result, since the drive transistor TD supplies the
organic EL element EL with a current that 1s 1n accordance
with only the data voltage, the organic EL element EL emits
light at a precise luminance corresponding to the data
voltage.

CITATION LIST
Patent Literature

[PTL 1] International Publication No. W0O2010-041426

SUMMARY OF INVENTION

Technical Problem

Aside from the change 1n power source voltage which 1s
solved by the above-described conventional technique, the
causes ol loss of light emission precision 1 organic EL
clements includes, for example, change in the threshold
voltage of the drive transistor. Threshold voltage change
refers to the phenomenon 1n which the subsequent threshold
voltage changes depending on the size of the bias voltage
that 1s applied across the gate terminal and the source
terminal of the drive transistor.

Because the drive transistor supplies current of a desired
s1ze to the organic EL element when a bias voltage of a size
corresponding to luminance 1s applied across the gate ter-
minal and the source terminal, the threshold voltage of the
drive transistor changes according to the voltage across the
gate terminal and source terminal which corresponds to the
luminance 1n the preceding frame, and thus aflects the
subsequent frame. In other words, when the threshold volt-
age changes, an error occurs 1n the amount of current
supplied by the drive transistor to the organic EL element
with respect to the data voltage, and this error 1s reflected in
the error 1n the light-emitting luminance of the organic EL
clement.

The above situation 1s illustrated in FIG. 6A. FIG. 6A 1s
a graph 1llustrating the time variation of luminance when an
intermediate gray scale (gray) 1s displayed after black or
white 1s displayed in the preceding frames. For the 10 or
more frames following the changing of the display, non-
uniformity of light-emitting luminance depending on
whether the display in the preceding frame 1s white or black
was observed. In particular, a big difference was observed in
the light-emitting luminance 1n the first 1 to 2 frames. As a
result of this phenomenon, as illustrated in FIG. 6B for
example, when a black or white window 1s scrolled 1n an

intermediate gray scale background color, i1t takes a long
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time for a region that the window passes which once again
turns to the background color to settle down to the correct
intermediate gray scale luminance, and thus display dete-
rioration referred to as residual 1mage 1s visible.

However, display deterioration caused by drive transistor
threshold voltage change following an abrupt gray scale
change and a countermeasure thereol are not taken into
consideration in the above-described conventional tech-
nique.

The present invention was concerved mm view of the
alorementioned problem and has as an object to provide (1)
a display device capable of causing an organic EL element
to emit light at a more precise luminance that corresponds to
data voltage and (11) a method of controlling the same.

Solution to Problem

In order to achieve the aforementioned object, a display
device according to an aspect of the present invention 1s a
display device including a display unit including pixel
circuits, wherein each of the pixel circuits includes: a drive
transistor including a source terminal and a drain terminal,
one of the source terminal and the drain terminal being
connected to a first power source line transmitting a first
power source voltage; a first capacitive element including a
first terminal connected to a gate terminal of the drive
transistor; a first switching element which switches between
conduction and non-conduction between a second terminal
of the first capacitive element and a data line transmitting a
data voltage corresponding to luminance; a second switch-
ing element which switches between conduction and non-
conduction between the second terminal of the first capaci-
tive element and the source terminal of the drive transistor;
a third switching element which switches between conduc-
tion and non-conduction between the first terminal of the
first capacitive element and a reference voltage line trans-
mitting a fixed reference voltage; a light-emitting element
including: a first terminal connected to an other of the source
terminal and the drain terminal of the drive transistor; and a
second terminal connected to a second power source line
transmitting a second power source voltage; and a second
capacitive element including: a first terminal connected to
the second terminal of the first capacitive element; and a
second terminal connected to one of the first power source
line and the reference voltage line, wherein, when the third
switching element 1s 1n a conducting state, the fixed refer-
ence voltage 1s set so that a forward bias voltage larger than
a threshold voltage of the drive transistor 1s applied across
the gate terminal and the source terminal and across the gate
terminal and the drain terminal of the drive transistor.

Advantageous Elflects of Invention

A display device according to the present invention 1s
capable of suppressing change in the threshold voltage of the
drive transistor and causing a light-emitting element to emut

light at a more precise luminance, by applying a fixed
tforward bias voltage which i1s larger than the threshold

voltage to turn ON the drive transistor.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a function block diagram illustrating an example
ol a configuration of a display device in Embodiment 1.

FIG. 2 1s a circuit diagram illustrating an example of a
configuration of a pixel circuit in Embodiment 1.
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FIG. 3 1s a timing chart illustrating an example of control
signals and data signals 1n Embodiment 1.

FIGS. 4 (a)-(c) are circuit diagram diagrams illustrating
an example of an operation of a pixel circuit in Embodiment
1.

FIG. 5A 1s a graph illustrating time variation of light-
emitting luminance of a pixel circuit in a working example.

FIG. 5B 1illustrates an example of scrolling display by a
display unit using the pixel circuit 1n the working example.

FIG. 6A 1s a graph illustrating time variation of light-
emitting luminance of a pixel circuit 1n a comparative
example.

FIG. 6B 1illustrates an example of scrolling display by a
display umt using the pixel circuit in the comparative
example.

FIG. 7 1s a graph 1llustrating the per frame light-emitting,
luminance error for the working example and the compara-
tive example.

FIG. 8 1s a circuit diagram 1illustrating an example of a
configuration of a pixel circuit in Embodiment 1.

FIG. 9 1s a circuit diagram 1illustrating an example of a
configuration of a pixel circuit in Embodiment 1.

FIG. 10 15 a circuit diagram 1llustrating an example of a
configuration of a pixel circuit 1n a modification of Embodi-
ment 1.

FIG. 11 1s a circuit diagram 1llustrating an example of a
configuration of a pixel circuit 1n a modification of Embodi-
ment 1.

FIG. 12 1s a timing chart 1llustrating an example of control
signals and data signals 1n a modification of Embodiment 1.

FIG. 13 1s a function block diagram illustrating an
example of a configuration of a display device in Embodi-
ment 2.

FIG. 14 15 a circuit diagram 1llustrating an example of a
configuration of a pixel circuit in Embodiment 2.

FIG. 15 1s a timing chart 1llustrating an example of control
signals, power source voltages, and data signals 1n Embodi-
ment 2.

FIG. 16 1s a circuit diagram 1llustrating an example of a
configuration of a pixel circuit in Embodiment 2.

FIG. 17 1s a circuit diagram 1llustrating an example of a
configuration of a pixel circuit in Embodiment 2.

FIG. 18 1s a circuit diagram 1llustrating an example of a

configuration of a pixel circuit in Embodiment 2.

FIG. 19 1s an external view of a thin flat-screen TV
incorporating a display device according to the present
invention.

FIG. 20 15 a circuit diagram 1llustrating an example of a
configuration of a conventional pixel circuit.

DESCRIPTION OF EMBODIMENTS

A control method according to an aspect of the present
invention 1s a method of controlling a display device includ-
ing a light-emitting element and a drive transistor which
supplies current to the light-emitting element, the method
including suppressing change in a threshold voltage of the
drive transistor by applying a predetermined reference volt-
age 1o a gate terminal of the drive transistor via a reference
voltage line connected to the gate terminal and applying a
fixed voltage from a power source line connected to one of
a source terminal and a drain terminal of the drive transistor
to an other of the source terminal and the drain terminal of
the drive transistor, wherein in the suppressing, the prede-
termined reference voltage 1s set so that a voltage across the
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gate terminal and the source terminal of the drive transistor
1s a voltage larger than the threshold voltage of the drive
transistor.

According to such a control method, a fixed forward bias
voltage which 1s larger than the threshold voltage 1s applied
to turn ON the drive transistor and suppress change in the
threshold voltage of the drive transistor in the suppressing,
and thus 1t 1s possible to cause a light-emitting element to
emit light at a more precise luminance.

Furthermore, in each of the power source line and a power
source line for an EL. common terminal, a voltage set 1n a
light emission period and the voltage set 1n the suppressing
may be equal.

Such a control method 1s useful 1 simplifying the circuit
configuration of the display device since there 1s no need to
change the voltage of the power source lines between the
light emission period and the suppressing.

The control method may further include holding a data
voltage corresponding to light-emission luminance, 1 a
capacitive element including one terminal connected to the
gate terminal of the drive transistor, wherein at least part of
the suppressing and part of the holding may be performed in
parallel 1n a same period.

According to such a control method, by taking suflicient
time to execute the suppressing in parallel with the holding,
it 1s possible to further suppress change in the threshold
voltage of the drive transistor.

A display device according to an aspect of the present
invention 1s a display device comprising a display unit
including pixel circuits, wherein each of the pixel circuits
includes: a drive transistor including a source terminal and
a drain terminal, one of the source terminal and the drain
terminal being connected to a first power source line trans-
mitting a first power source voltage; a first capacitive
clement including a first terminal connected to a gate
terminal of the drive transistor; a first switching element
which switches between conduction and non-conduction
between a second terminal of the first capacitive element and
a data line transmitting a data voltage corresponding to
luminance; a second switching element which switches
between conduction and non-conduction between the sec-
ond terminal of the first capacitive element and the source
terminal of the drive transistor; a third switching element
which switches between conduction and non-conduction
between the first terminal of the first capacitive element and
a reference voltage line transmitting a fixed reference volt-
age; a light-emitting element including: a first terminal
connected to an other of the source terminal and the drain
terminal of the drive transistor; and a second terminal
connected to a second power source line transmitting a
second power source voltage; and a second capacitive
clement including: a first terminal connected to the second
terminal of the first capacitive element; and a second ter-
minal connected to one of the first power source line and the
reference voltage line, wherein, when the third switching
clement 1s 1n a conducting state, the fixed reference voltage
1s set so that a forward bias voltage larger than a threshold
voltage of the drnive transistor 1s applied across the gate
terminal and the source terminal of the drive transistor.

According to such a configuration, 1t 1s possible to sup-
press change 1n the threshold voltage of the drive transistor
and cause the light-emitting element to emit light at a more
precise luminance, by applying a fixed forward bias voltage
which 1s larger than the threshold voltage to turn ON the
drive transistor.

Furthermore, each of the pixel circuits may include a
fourth switching element nserted i a path of current
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supplied from the dnive transistor to the light-emitting
clement, the fourth switching element switching between
conduction and non-conduction in the path of the current.

Furthermore, a control line for controlling the first switch-
ing element and a control line for controlling the third
switching element may use a shared line, and a control line
for controlling the second switching element and a control
line for controlling the fourth switching element may use a
shared line.

Furthermore, the display device may further include a
power source voltage control circuit which controls, on a
pixel row basis, power source voltage transmitted by the first
power source line.

Such a configuration 1s useful in 1improving display con-
trast and reducing power consumption because the light
emission of the light-emitting element can be inhibited while
a fixed forward bias voltage 1s being applied to the drive
transistor in order to suppress change in threshold voltage.

Hereinatter, an embodiment of the present invention shall
be described. It 1s to be noted that, 1n all the figures, the same
reference signs are given to components that tulfill the same
functions and redundant description thereof shall be omatted.

Embodiment 1

A display device according to Embodiment 1 1s a display
device including a display unit having, arranged in a matrix,
pixel circuits each being configured to suppress drive tran-
sistor threshold change.

Hereinatter, Embodiment 1 of the present invention shall
be described with reference to the Drawings.

FIG. 1 1s a function block diagram illustrating an example
ol a configuration of a display device 1 in Embodiment 1.

The display device 1 includes a display unit 2, a control
circuit 3, a scanning line drive circuit 4, a signal line drive
circuit 5, and a power source circuit 6.

The display umt 2 includes plural pixel circuits 10 which
are arranged 1n a matrix. Each row in the matrix 1s provided
with a scanning signal line, and each column 1n the matrix
1s provided with a data signal line.

The control circuit 3 1s a circuit that controls the operation
of the display device 1, recerves a video signal from an
external source, and controls the scanning line drive circuit
4 and the signal line drive circuit 5 so that the image
represented by the video signal 1s displayed by the display
unit 2.

The scanning line drive circuit 4 supplies a control signal
for controlling the operation of the pixel circuit 10, to the
pixel circuit 10 via the scanning signal line provided in each
row of the display unit 2.

The signal line drive circuit 5 supplies a data signal
corresponding to the luminance, to the pixel circuit 10 via
the data signal line provided 1n each column of the display
unit 2.

The power source circuit 6 supplies power for the opera-
tion of the display device 1, to the respective parts of the
display device 1.

FIG. 2 1s a circuit diagram 1illustrating an example of a
configuration of a pixel circuit 10, and the connection
between the pixel circuit 10 and the scanning line drive
circuit 4 and signal line drive circuit 5.

Each of the rows of the display unit 2 1s provided with
signal lines SCAN and ENAB as scanning signal lines
connected 1n common to the pixel circuits 10 provided 1n the
same row, and each of the columns of the display unit 2 1s
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provided with a data line DATA as a data signal line
connected 1n common to the pixel circuits 10 provided 1n the
same column.

Furthermore, the display unit 2 1s provided with a power
source line VDD for transmitting and distributing to the
pixel circuit 10 the positive power source voltage supplied
from the power source circuit 6, a power source line VSS for
transmitting and distributing to the pixel circuit 10 the
negative power source voltage supplied from the power
source circuit 6, and a reference voltage line Vrel for
transmitting and distributing to the pixel circuit 10 a fixed
reference voltage supplied from the power source circuit 6.
The power source lines VDD and VSS and the reference
voltage line Vret are connected 1n common to all of the pixel
circuits 10.

Although complex voltage change caused by voltage
drops occur at the points where the respective power source
lines VDD and VSS, which supply current to the organic EL
clement EL, are connected to the pixel circuit 10, a steady
voltage drop does not occur at the reference voltage line Vref
which does not supply direct current.

Each of the pixel circuits 10 arranged in the display unit
2 1s connected to the scanning line drive circuit 4 by the
signal lines SCAN and ENAB of the row in which the pixel
10 1s located, and connected to the signal line drive circuit
5 by the data line DATA of the column in which the pixel 10
1s located.

The signal lines SCAN and ENAB transmit, from the
scanning line drive circuit 4 to the pixel circuit 10, a control
signal for controlling the operation of the pixel circuit 10.
The data line DATA transmits a data signal corresponding to
luminance, from the signal line drive circuit 5 to the pixel
circuit 10.

The pixel circuit 10 1s a circuit that causes the organic EL
clement to emit light at a luminance corresponding to the
data signal, and includes a drive transistor TD, switching
transistors 11 to T4, capacitors Cs and Csub, and an organic
light-emitting element EL. Each of the drive transistor TD
and the switching transistors 11 to T4 1s configured of an
N-type thin film transistor (TFT).

The drive transistor TD includes a drain terminal d
connected to the power source line VDD, and a source
terminal S connected to a first terminal (at the upper side in
the figure) of the organic EL element 1 via the switching
transistor T4.

The capacitor Cs 1ncludes a first terminal (at the upper
side 1n the figure) connected to a gate terminal g of the drive
transistor TD.

The capacitor Csub includes a first terminal (at the upper
side 1n the figure) connected to a second terminal (at the
lower side 1n the figure) of the capacitor Cs, and a second
terminal (at the lower side 1n the figure) connected to a fixed
voltage (for example, the power source line VDD or the
reference voltage line Vrel). It should be noted that the
capacitor Csub need not be a capacitor formed 1n a dedicated
region, and may be a parasitic capacitance located between
a conductor included 1n the second terminal of the Capacitor
Cs and a conductor included 1n the power source line VDD
or the reference voltage line Vref or the signal lines SCAN
and ENAB. Furthermore, the capacitor Csub may be the
parasitic capacitance of the switching transistors T1 and T2.
Therefore, a pixel circuit in which the capacitor Csub 1s not
clearly indicated is also included 1n the present invention.

The organic EL element EL includes a second terminal (at
the lower side of the figure) connected to the power source

line VSS.
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The switching transistor T1 switches between conduction
and non-conduction between the second terminal (at the
lower side 1n the figure) of the capacitor Cs and the data line

DATA, according to a control signal transmitted by the
signal line SCAN.

The switching transistor T2 switches between conduction
and non-conduction between the source terminal s of the
drive transistor TD and the second terminal of the capacitor

Cs, according to a control signal transmitted by the signal
line ENAB.

The switching transistor T3 switches between conduction
and non-conduction between the first terminal of the capaci-
tor Cs and the reference voltage line Vrel, according to a
control signal transmitted by the signal line SCAN.

The switching transistor T4 switches between conduction
and non-conduction between the source terminal s of the
drive transistor TD and the second terminal (at the upper
side 1n the figure) of the organic EL element EL, according
to a control signal transmitted by the signal line ENAB.

Here, the switching transistors T1 to T4 are examples of
first to fourth switching elements, respectively; the capacitor
Cs 1s an example of a capacitive element; and the organic EL
clement EL 1s an example of a light-emitting element.
Furthermore, the power source line VDD 1s an example of
a first power source line, and the power source line VSS 1s
an example of a second power source line. Furthermore, the
data signal 1s an example of a data voltage.

FIG. 3 1s a timing chart 1llustrating, over a 1-frame period,
an example of the control signals and data signals for
operating the pixel circuit 10. In FIG. 3, the vertical axis
denotes the level of each signal, and the horizontal axis
represents the passing of time. Since the switching transis-
tors T1 to T4 of the pixel circuit 10 are configured of N-type
TFTs, each of the switching transistors 11 to T4 1s 1n the
conducting state in a period in which the corresponding
control signal 1s at the HIGH level, and 1s in the non-
conducting state in a period in which the corresponding
control signal 1s at the LOW level.

The operations of the pixel circuit 10 performed accord-
ing to the control signals and data signals 1llustrated in FIG.
3 shall be described with reference to (a) to (¢) in FIG. 4. It
should be noted that, for convenience of description, the
voltage at the connection points between each of the power
source lines VDD and VSS and the pixel circuit 10 shall be
denoted as positive power source voltage VDD and negative
power source voltage VSS, respectively, and the voltage of
the reference voltage line Vret shall be denoted as reference
voltage Vref.

At a time t1, light emission 1n the preceding frame ends.

In a data writing period from time t2 to {3, a data writing,
operation 1s performed. The data writing operation 1s an
operation of obtaiming the data voltage Vdata from the data
line DATA wvia the switching transistor T1 (that 1s, writing
the data voltage Vdata mto the pixel circuit 10).

In FIG. 4, (a) 1s a circuit diagram for describing the data
writing operation. The switching transistors 12 and T4
which become non-conducting 1n the data writing period are
shown using dotted lines.

In the data writing period, the switching transistors T1 and
T3 are 1n the conducting state, the data voltage Vdata is
obtained from the data line DATA and held 1n the capacitor
Cs with reference to the reference voltage Vrel. In order to
perform a reset operation to be described later, a voltage that
1s higher than a voltage obtained by adding a threshold
voltage Vth to the positive power source voltage VDD 1s
used for the reference voltage Vref.
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In a reset period from time t2 to t4, a reset operation 1s
performed. Part of the reset period overlaps with the data
writing period, and the reset operation 1s performed in
parallel with the aforementioned data writing operation,
from the time t2 to 3. The reset operation 1s an operation of
applying a forward bias voltage that 1s higher than the
threshold voltage Vth of the drive transistor TD to turn ON
the drive transistor TD, 1n order to suppress change in the
threshold voltage of the drive transistor.

In FI1G. 4, (b) 1s a circuit diagram for describing the reset
operation. The switching transistors 11, T2, T3, and T4
which become non-conducting from the time t3 onward in
the reset period are shown using dotted lines.

In the reset period, the reference voltage Vrel 1s applied to
the gate terminal g of the driver transistor TD from the
reference voltage line Vretf from the time t2 to t3, and the
reference voltage Vrel 1s applied to the gate terminal g of the
drive transistor TD from a first terminal (at the upper side 1n
the figure) of the capacitor Cs from the time t3 to t4.

As described earlier, the reference voltage Vretf 1s higher
than a voltage obtained by adding a threshold voltage Vth to
the positive power source voltage VDD, and thus the drive
transistor TD 1s turned ON, and the reset operation 1s
performed. At this time, since the switching transistor T4 1s
in the non-conducting state, the light emission of the organic
EL element EL 1s inhibited, and the potentials of the drain
terminal and the source terminal of the drive transistor TD
are both equal to the positive power source voltage VDD.
This suppresses the deterioration of display contrast and
increased power consumption caused by unnecessary light
emission by the organic EL element EL.

It should be noted that inhibiting the light emission of the
organic EL element EL 1n the reset period 1s not essential to
the suppression of the change in the threshold Voltage Vith of
the drive transistor TD. The eflect of suppressing the change
in the threshold voltage Vth of the drive transistor TD can
be confirmed even when the reset operation 1s performed
without inhibiting the light emission of the organic EL
clement EL.

In the light emission period from the time t4 onward, a
light-emitting operation 1s performed. The light-emitting
operation 1s an operation of applying a bias voltage reflect-
ing the data voltage Vdata across the gate terminal and
source terminal of the drive transistor TD to supply current
from the drive transistor TD to the organic H L.

EL element E
In FIG. 4, (¢) 1s a circuit diagram for describing the
light-emitting operation. The switching transistors T1 and
T3 which become non-conducting in the light emission
period are shown using dotted lines.

In the light emission period, the switching transistors T1
and T3 are placed in the non-conducting state and the
switching transistors 12 1s placed in the conducting state,
and a voltage Vref—Vdata held 1n the capacitor Cs 1s applied
across the gate terminal and the source terminal of the drive
transistor TD.

As a result, a current Isd=p/2x(Vref-Vdata-Vth)* of a
s1ze corresponding to the data voltage Vdata 1s supplied
from the drive transistor TD to the organic EL element EL.

Due to the reset operation preceding the light-emitting
operation, 1n any Irame, the threshold voltage Vth of the
drive transistor TD 1s set to an approximately constant value
in that frame period, regardless of the display state 1n the
preceding frame, and thus the effect of threshold voltage
change for one frame 1s eliminated, and 1t 1s possible to
cause the organic EL element EL to emait light at a precise
luminance corresponding to the data voltage Vdata.
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Results of an experiment performed to confirm the light-
emitting characteristics of the pixel circuit 10 configured 1n
the manner described above shall be described. In the
experiment, the time variation of light-emitting luminance
of the pixel circuit 1s measured for a working example using
the pixel circuit 10 and a comparative example using the
pixel circuit 90 of the conventional technique.

FIG. 5A 1s a graph illustrating the time variation of the
light-emitting luminance of the pixel circuit 10 of the
working example, and illustrates the measurement results
for light-emitting luminance for 35 frames immediately after
switching from a white or black display to a gray dlsplay

In the working example, although a shght difference 1n
light-emitting luminance can be observed 1n the first frame
following the switching to a gray display depending on
whether the display 1n the preceding frame 1s white or black,
approximately the same light-emitting luminance can be
obtained from the second frame onward, and there 1s rapid
convergence to the correct gray display. Furthermore, there
1s also almost no change in the light-emitting luminance
within the respective frames.

As a result, as illustrated 1n FIG. 5B for example, even
when a black or white window 1s scrolled 1n an intermediate
gray scale background color, a region that the window
passes which once again turns to the background color
settles down rapidly to the correct intermediate gray scale
luminance, and thus a residual 1image 1s not visible.

In contrast, FIG. 6A 1s a graph illustrating the time
variation of the light-emitting luminance of the pixel circuit
90 of the comparative example, and illustrates the measure-
ment results for light-emitting luminance for 35 frames
immediately after switching from a white or black display to
a gray display.

In the comparative example, non-uniformity of light-
emitting luminance was observed for 10 or more frames
following the switching to a gray display, depending on
whether the display 1n the preceding frame 1s white or black.
In particular, a big diflerence was observed in the light-
emitting luminance in the first 1 to 2 frames. As pointed out
in the Problem section, as a result of this phenomenon, as
illustrated 1n FIG. 6B, the residual image when a white or
black window 1s scrolled in an mtermediate gray scale
background color 1s visible.

FIG. 7 1s a graph 1llustrating inter-frame transition of the
luminance error in each frame. Here, the deviation of the
actual luminance from the correct gray luminance i1s shown
as the luminance error. Compared to the comparative
example, in the working example, there 1s less deviation of
luminance and there 1s rapid convergence to the correct gray
display.

These results confirm the advantageous eflect of applying,
a fixed forward bias voltage that 1s larger than the threshold
voltage Vth to reset the drive transistor TD to the ON state,
and thereby suppressing change 1n the threshold voltage Vth
of the drive transistor TD and causing the organic EL
clement EL to emait light at a precise luminance correspond-
ing to the data voltage Vdata.

In addition, by inhibiting the light emission of the organic
EL element EL in the reset period, the advantageous eflect
of improving display contrast and reducing power consump-
tion can be obtained.

It should be noted that the above-described pixel circuit
10 may be modified 1n the manner described below.

For example, as 1n a pixel circuit 11 1illustrated in FIG. 8,
the switching transistor T4 may be inserted between the
drive transistor TD and the power source line VDD. In order
to hibit the light emission of the organic EL element EL,
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the switching transistor T4 may be inserted anywhere along
the path of the current supplied from the drive transistor TD
to the organic EL element EL. The pixel circuit 11 performs
the same operation as the pixel circuit 10, according to the
control signals 1llustrated mn FIG. 3.

For example, as in a pixel circuit 20 1llustrated 1n FI1G. 9,
the drive transistor TD and the switching transistors T1 to T4
may each be configured of a P-type transistor. The pixel
circuit 20 performs the same operation as the pixel circuit 10
illustrated in FIG. 3 when provided with control signals and
data signals having respective levels obtained by simply
reversing the levels of the control signals and data signals
used 1n the pixel circuit 10. Therefore, the same advanta-
geous ellect as with the circuit pixel 10 can be obtained with
the pixel circuit 20.

Modification of Embodiment 1

A modification of Embodiment 1 of the present invention
shall be described with reference to the drawings. This
modification shows an example of a configuration and
operations for controlling each of the switching transistors

T1 and T3 of the pixel circuit 10 illustrated 1n FIG. 2 with

an independent timing.

FIG. 10 1s a circuit diagram 1llustrating an example of a
configuration of a pixel circuit 30 1n this modification of
Embodiment 1. The basic configuration of the pixel circuit
30 1s the same as that of the pixel circuit 10 but 1s different
in that the gate terminal of each of the switching transistors
T1 and T3 1s connected to an independent control line. To
adapt to the pixel circuit 30, a signal line RESET 1s provided
to each of the rows of the display unit 2.

In the pixel circuit 30, the switching transistor T3
switches between conduction and non-conduction between
the first terminal (at the upper side in the figure) of the
capacitor Cs and a reference voltage line Vrel, according to
a control signal transmitted by the signal line RESET.

It should be noted that, as 1n a pixel circuit 31 illustrated
in FIG. 11, the pixel circuit 30 may be modified so that the
switching transistor T4 1s inserted between the drive tran-
sistor TD and the power source line VDD.

FIG. 12 1s a timing chart illustrating, over a 1-frame
period, an example of the control signals and data signals for
operating the pixel circuits 30 and 31. In FIG. 12, the vertical
ax1is denotes the level of each signal, and the horizontal axis
denotes time.

The operations of the pixel circuits 30 and 31 performed
according to the control signals and data signals 1llustrated
in FIG. 12 shall be described.

At a time tl, light emission in the preceding frame ends.

In a reset period from time t2 to t5, a reset operation 1s
performed.

Through the entirety of the reset period, the switching
transistor 13 1s placed in the conducting state, and the
reference voltage Vrel, which 1s higher than a voltage
obtained by adding the threshold voltage Vth to the positive
power source voltage VDD, i1s applied to the gate terminal
g of the driver transistor TD from the reference voltage line
Vretf. With this, the drive transistor TD 1s turned ON, and the
reset operation 1s performed. At this time, since the switch-
ing transistor T4 1s 1in the non-conducting state, the light
emission of the organic EL element EL 1s 1nhibited.

In a data writing period from time t3 to t4, a data writing
operation 1s performed. The data writing period overlaps
with at least a part of the reset period, and the data writing,
operation 1s performed in parallel with the reset operation.
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It should be noted that the data writing operation 1s
performed sequentially on a row basis. As such, the data

writing period for the row on which the data writing opera-
tion 1s performed first may start simultaneously with the
reset period, at the time 12.

In the light emission period from the time t4 onward, a
light-emitting operation 1s performed.

The data writing operation and the light-emitting opera-
tion are the same as the data writing operation and light-
emitting operation described for the pixel circuit 10.

As 1 the pixel circuit 10, in the pixel circuits 30 and 31,
the threshold voltage Vth of the drive transistor TD 1s set to
approximately the same value 1n any frame due to the reset
operation preceding the light-emitting operation, and thus
the eflfect of threshold voltage change 1s eliminated, and 1t 1s
possible to cause the organic EL element EL to emat light at
a precise luminance corresponding to the data voltage Vdata.

With the pixel circuits 30 and 31, the reference voltage
Vrel can be applied to the gate terminal g of the driver
transistor TD from the reference voltage line Vref through
the entirety of the reset period. As such, unlike the pixel
circuit 10, there 1s no concern about the reference voltage
Vref changing due to a leak in the capacitor Cs, and a more
reliable reset operation can be realized.

It should be noted that 1t 1s also acceptable to use the same
signal as a signal line control signal SCAN for a control
signal RESET, and perform the reset operation sequentially
on a row basis only 1n the data writing period of the row. In
such a case, the signal line RESET and the signal line SCAN
may be realized by sharing the same signal line. Signal line
sharing reduces the wiring area, and i1s thus useful 1n
improving the arrangement density of the pixel circuits 30
and 31, and realizing a high-defimtion display device. Fur-
thermore, since the number of outputs for the scanning line
drive circuit 4 can be reduced, circuit size can be reduced
and a reduction in cost can be realized.

Furthermore, the capacitor Csub need not be a capacitor
formed 1 a dedicated region, and may be a parasitic
capacitance located between a conductor included in the
second terminal of the Capacitor Cs and a conductor
included 1n the power source line VDD or the reference
voltage line Vrel or the signal lines SCAN and ENAB.
Furthermore, the capacitor Csub may be the parasitic capaci-
tance of the switching transistors T1 and T2.

Embodiment 2

Embodiment 2 of the present invention shall be described
with reference to the drawings. In this embodiment, an
example 1s shown for a display device 1n which a circuit for
inhibiting the light emission of an organic EL element is
provided outside the pixel circuit.

FIG. 13 1s a function block diagram illustrating an
example of a configuration of a display device 1la 1n
Embodiment 2.

Compared to the display device 1 in Embodiment 1, in the
display device 1la, the display unit 2a 1s diflerent and a
power source voltage control circuit 7 1s added.

The display unit 2a includes plural pixel circuits 50 which
are arranged 1n a matrix. Fach row 1n the matrix 1s provided
with a scanning signal line and a power source line, and each
column 1n the matrix 1s provided with a data signal line.

The power source voltage control circuit 7 1s supplied
with power to be used 1n the light emission by the organic
EL element, from the power source circuit 6, and distributes
the power-to the pixel circuits 50, on an independent row by
row basis.
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FIG. 14 1s a circuit diagram 1llustrating an example of a
configuration of the pixel circuit 50, and an example of the
connections between the pixel circuit 50 and the scanning
line drive circuit 4, the signal line drive circuit 3, and the
power source voltage control circuit 7.

Each of the rows of the display unit 2a 1s provided with

signal lines RESE'T, MERGE, and SCAN as scanning signal
lines connected 1n common to the pixel circuits 50 provided
in the same row. Each of the rows of the display unit 2qa 1s
additionally provided with a power source line VDD(k)
connected 1n common to the pixel circuits 50 provided 1n the
same row.

The signal line MERGE 1s the same as the signal line
ENAB 1n the display unit 2. The power source line VDD(k)

1s an example of a first power source line, and corresponds
to the power source line VDD 1n the display unit 2.

Compared to the pixel circuit 30 illustrated in FIG. 10, the

pixel circuit 50 1s different only in that the switching
transistor T4 1s omitted.
In the display device 1la, the function of inhibiting the
light emission of the organic EL element EL 1s performed by
the power source voltage control circuit 7. The power source
voltage control circuit 7 outputs, to the power source line
VDD(k), for example, the positive power source voltage
VDD 1n a light emission period, and outputs, in a reset
pertod, a low voltage (for example, the negative power
source VSS) which 1s low enough that the organic EL
clement EL does not emit light. With this, the light emission
of the organic EL eclement EL in the pixel circuits 50
connected to the power source line VDD(k) 1s inhibited 1n
the reset period.

Furthermore, a voltage which 1s higher than a voltage
obtained by adding the threshold voltage Vth to the voltage
of a power source voltage VDD(k) 1n the reset period 1s used
for the reference voltage Vrel.

FIG. 15 1s a timing chart illustrating, over a 1-frame
pertod, an example of the control signals, power source
voltage, and data signals for operating the pixel circuit 50.
In FIG. 15, the vertical axis denotes the level of each signal,
and the horizontal axis represents the passing of time. It
should be noted that, for convenience of description, the
voltage transmitted by the power source line VDD(k) 1s
denoted as the power source voltage VDD(k). The HIGH
level of the power source voltage VDD(k) 1s the positive
power source voltage VDD, and the LOW level of the power
source voltage VDD(k) 1s, for example, the negative power
source voltage VSS.

Since the light emission of the organic EL element EL 1s
inhibited in the period in which the power source voltage
VDD(K) 1s 1n the LOW level, the operation of the pixel
circuit 50 which 1s performed according to the control
signals and power source voltage 1illustrated in FIG. 15 1s
equivalent to the operation of the pixel circuit 30 performed
according to the control signals illustrated in FIG. 12.

It should be noted that the above-described pixel circuit
50 may be modified 1in the manner described below.

For example, as 1n a pixel circuit 60 illustrated 1n FIG. 16,
the drive transistor TD and the switching transistors 11 to T4
may each be configured of a P-type transistor. The pixel
circuit 60 performs the same operation as the pixel circuit 50
illustrated 1n FI1G. 13 when provided with control signals and
data signals having respective levels obtained by simply
reversing the levels of the control signals and data signals
used 1n the pixel circuit 50. Therefore, the same advanta-
geous ellect as with the circuit pixel 50 can be obtained with
the pixel circuit 60.
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Furthermore, for example, as 1n a pixel circuit 51 1llus-
trated 1n FI1G. 17 and a pixel circuit 61 illustrated in FIG. 18,
the switching transistor T2 may be omitted.

It should be noted that the drive transistors TD 1n the pixel
circuits 1 the respective rows may be reset at different
timings on a row basis, or the drnive transistors TD in the
pixel circuits 1n all of the rows may be collectively reset at
the same timing.

The control method for collectively resetting all the drive
transistors does not require controlling the power source
voltage at diflerent timings for each row, and thus can be
executed not only by the display device 1a but also by a
display device in which the power source lines VDD and
VSS are connected in common to all of the pixel circuits as
in the display device 1 described 1n Embodiment 1.

Although the display devices and methods of controlling
the same according to the present imnvention are described
using several embodiments and modifications, the present
invention 1s not limited to such embodiments and modifi-
cations. Display devices and methods of controlling the
same which are realized from various modifications of the
exemplary embodiments as well arbitrary combinations of
constituent components of the exemplary embodiments and
modifications that may be conceived by those skilled 1n the
art, for as long as these do not depart from the essence of the
present invention, are imtended to be included within the
scope of the present invention.

A display device according to the present invention may
be built 1nto a thin flat-screen TV such as that 1llustrated in
FIG. 19. A thin flat-screen TV capable of precisely display-
ing video represented by a video signal 1s implemented by

having a display device according to the present invention
built into the TV.

INDUSTRIAL APPLICABILITY

The present mvention 1s useful 1 display device using
organic EL elements, and 1s particularly usetul 1n an active-
matrix organic EL display device.

REFERENCE SIGNS LIST

1, 1a Display device

2, 2a Display unit

3 Control circuit

4 Scanning line drive circuit

5 Signal line drive circuit

6 Power source circuit

7 Power source voltage control circuit
10, 11, 20, 30, 31, 50, 51, 60, 61, 90 Pixel circuit
TD Drive transistor

11, T2, T3, T4 Switching transistor
Cs Capacitor

EL Organic EL element

The mnvention claimed 1s:

1. A method of controlling a display device including a
light-emitting element and a drive transistor which supplies
current to the light-emitting element, the method comprising

suppressing change i a threshold voltage of the drive

transistor by applying a fixed forward bias voltage to a
gate terminal of the drive transistor via a reference
voltage line connected to the gate terminal and apply-
ing a fixed voltage from a power source line connected
to one of a source terminal and a drain terminal of the
drive transistor to an other of the source terminal and
the drain terminal of the drive transistor; and
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holding a data voltage corresponding to light-emission
luminance, 1n a capacitor including one terminal con-
nected to the gate terminal of the drive transistor,

wherein, 1n the suppressing, the fixed forward bias voltage
1s set so that a voltage across the gate terminal and the
source terminal and a voltage across the gate terminal

and the drain terminal of the drive transistor are each a

voltage larger than the threshold voltage of the drive

transistor,
in the suppressing, a switch connected between the drive
transistor and the light-emitting element 1s switched to

a non-conducting state to inhibit light emission by the

light-emitting element, and

at least a part of the suppressing and a part of the holding
are performed 1n parallel 1n a same period.

2. The method according to claim 1,

wherein, 1 each of the power source line and a power
source line for an electroluminescence common termi-
nal, a voltage set 1n a light emission period and the fixed
voltage set 1n the suppressing are equal.

3. A display device comprising a display including pixels,

wherein each of the pixels includes:

a drnive transistor including a source terminal and a
drain terminal, one of the source terminal and the
drain terminal being connected to a first power
source line transmitting a first power source voltage;

a first capacitor including a first terminal connected to
a gate terminal of the drive transistor;

a first switch which switches between conduction and
non-conduction between a second terminal of the
first capacitor and a data line transmitting a data
voltage corresponding to luminance;

a second switch which switches between conduction
and non-conduction between the second terminal of
the first capacitor and the source terminal of the drive
transistor;

a third switch which switches between conduction and
non-conduction between the first terminal of the first
capacitor and a reference voltage line transmitting a
fixed reference voltage;

a light-emitting element including: a first terminal
connected to an other of the source terminal and the
drain terminal of the drive transistor; and a second
terminal connected to a second power source line
transmitting a second power source voltage; and

a second capacitor including: a first terminal connected
to the second terminal of the first capacitor; and a
second terminal connected to one of the first power
source line and the reference voltage line,

wherein, when the third switch 1s 1n a conducting state:
the fixed reference voltage 1s set to the gate terminal of
the drive transistor so that a forward bias voltage larger
than a threshold voltage of the drive transistor is
applied across the gate terminal and the source terminal
and across the gate terminal and the drain terminal of
the drive transistor; and a fixed voltage from the first
power source line connected to the one of the source
terminal and the drain terminal of the drive transistor 1s
set to the other of the source terminal and the drain
terminal of the drive transistor, the fixed reference
voltage and the fixed voltage being set for performing
a reset operation to suppress change in the threshold
voltage of the drive transistor,
when the fixed reference voltage and the fixed voltage are
set, a fourth switch connected between the drive tran-

sistor and the light-emitting element 1s switched to a
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non-conducting state to inhibit light emission by the
light-emitting element, and

a data voltage corresponding to light-emission luminance
1s held 1n the first capacitor, including the first terminal
connected to the gate terminal of the drive transistor, 1n
parallel in a same period during at least a part of the
reset operation for suppressing the change in the thresh-
old voltage of the drive transistor.

4. The display device according to claim 3,

wherein a control line for controlling the first switch and
a control line for controlling the third switch use a
shared line, and

a control line for controlling the second switch and a
control line for controlling the fourth switch use a
shared line.

5. The display device according to claim 3, further com-

prising

a power source voltage control circuit which controls, on
a pixel row basis, power source voltage transmitted by
the first power source line.

6. The method according to claim 1,

wherein, 1 the suppressing, a potential of the drain
terminal of the drive transistor and a potential of the
source terminal of the drive transistor are equal.

7. The display device according to claim 3,

wherein, in a period in which the reset operation 1is
performed, a potential of the drain terminal of the drive
transistor and a potential of the source terminal of the
drive transistor are equal.

8. The method according to claim 1, further comprising:

setting the switch connected between the drive transistor
and the light-emitting element to the non-conduction
state during the suppressing for inhibiting the light
emission ol the light-emitting element.

9. The method according to claim 6, wherein the potential

of the drain terminal of the drive transistor and the potential
of the source terminal of the drive transistor are equal to the

fixed voltage from the power source line.

10. The display device according to claim 3, wherein light
emission of the light-emitting element 1s inhibited when the

fixed reference voltage and the fixed voltage are set.
11. The display device according to claim 7, wherein t.

1C

potential of the drain terminal of the drive transistor and t

1C

potential of the source terminal of the drive transistor are

equal to the fixed voltage from the power source line.

12. A display device comprising a display including

pixels,
wherein each of the pixels includes:
a drive transistor including a source terminal and

d

drain terminal, one of the source terminal and the
drain terminal being connected to a first power
source line transmitting a first power source voltage;

a first capacitor including a first terminal connected
a gate terminal of the drive transistor;

o

a first switch which switches between conduction and
non-conduction between a second terminal of the
first capacitor and a data line transmitting a data

voltage corresponding to luminance;

a second switch which switches between conduction
and non-conduction between the second terminal of
the first capacitor and the source terminal of the drive

transistor;

a third switch which switches between conduction and
non-conduction between the first terminal of the first
capacitor and a reference voltage line transmitting a

fixed reference voltage;
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a light-emitting element including: a first terminal
connected to an other of the source terminal and the
drain terminal of the drive transistor; and a second
terminal connected to a second power source line
transmitting a second power source voltage;

a fourth switch inserted 1n a path of current supplied
from the drive transistor to the light-emitting ele-
ment, the fourth switch switching between conduc-
tion and non-conduction in the path of the current;
and

a second capacitor including: a first terminal connected
to the second terminal of the first capacitor; and a
second terminal connected to one of the first power
source line and the reference voltage line,

wherein, when the third switch 1s 1n a conducting state, the
fixed reference voltage 1s set so that a forward bias
voltage larger than a threshold voltage of the drive
transistor 1s applied across the gate terminal and the
source terminal and across the gate terminal and the
drain terminal of the drive transistor,

a control line for controlling the first switch and a control
line for controlling the third switch use a shared line,
and

a control line for controlling the second switch and a
control line for controlling the fourth switch use a
shared line.

10

15

20

25

18



	Front Page
	Drawings
	Specification
	Claims

